ABSTRACT. Banana (Musa spp) is a fruit species frequently cultivated and consumed worldwide. Molecular markers are important for estimating genetic diversity in germplasm and between genotypes in breeding programs. The objective of this study was to analyze the genetic diversity of 21 banana genotypes (FHIA 23, Maçã, 
INTRODUCTION
Banana (Musa spp) is a fruit species widely cultivated and consumed worldwide, which has resulted in significant production and commercialization of the fruit (Heslop-Harrison and Schwarzacher, 2007) . In Brazil, banana is a complementary food in the population's diet, and has high nutritional value, is of low cost, and has an attractive color, taste, and smell. It has social and economic importance, providing employment and a source of income for many family farmers, and permitting the development of regions associated with its production (Lédo et al., 2008) .
Several studies have aimed to improve understanding of the important genetic base characteristics in banana cultivation. However, to obtain more information for the improvement of this culture, similar progress in our understanding of the genomic structure and of the existing genetic relationships between the accessions stored in germplasm banks is needed (Crouch et al., 1999) .
As a result, Embrapa was requested to implement a vast collection of banana germplasm and to develop a breeding program in order to acquire genotypes with superior agronomic characteristics. The banana breeding program began in 1982. In this, the process of genotype evaluation involves important characteristics, for which knowledge will be crucial for the recommendation of banana in a particular region (Silva et al., 2012) .
Knowledge on genetic diversity is essential for efficient breeding programs (Venkatachalam et al., 2008) , especially for the identification of hybrid combinations with higher heterozygosity and heterosis (Fehr, 1987) . Consideration of these combinations increases the probability of recovering superior genotypes in segregating generations.
Working with microsatellites, also know as simple sequence repeats (SSR) markers in banana genotypes, Librelon et al. (2013) concluded that these primers are able to discriminate clones of 'Prata-Anã Gorutuba' in relation to the banana cultivar Prata-Anã, indicating the existence of genetic variability among the studied material. Rout et al. (2009) reported that inter simple sequence repeats (ISSR) markers were effective at demonstrating the genetic variability among banana cultivars. Mattos et al. (2010) , in a study with SSR markers in banana genotypes, identified four clusters of diploid and tetraploid banana trees. Ying et al. (2011) found that it was possible to identify banana genotypes of clones from China using ISSR markers. Kiran et al (2015) observed genetic variability among banana cultivars originating in Odisha using molecular markers. ISSR markers were effective at detecting genetic variability among varieties of quince (Cydonia oblonga Miller) (Ganopoulos et al., 2011) . In tomato (Solanum lycopersicum L.), ISSR markers were effective at identifying parents for hybrid production in tomato (Figueiredo et al., 2016) . Comparison with SSR markers showed that although are more current, ISSR and Random Amplification of Polymorphic DNA (RAPD) markers are also efficient at determining genetic variability. Studies have revealed that crossing divergent genotypes and selecting improved hybrids are key to the production of new cultivars (Ortiz and Vuylsteke, 1996) . Banana cultivars are primarily derived from hybridization between wild diploid subspecies of Musa acuminata (Genoma A) and Musa balbisiana (Genoma B) and present several levels of genome ploidy in their constitution (de Jesus et al., 2013) .
Within the National Network of Banana Cultivar Assessment of Brazil, which is part of the old International Network for the Improvement of Banana and Plantain (INIBAP), currently Bioversity International, trials take place in several states and ecosystems. The present study was carried out to evaluate the genetic diversity among 21 banana genotypes cultivated in the "Agreste" region of the state of Sergipe, Brazil.
MATERIAL AND METHODS
Banana genotypes were established in 2012 in the Experimental Field Jorge Prado Sobral, located in the city of Nossa Senhora das Dores, SE, Brazil (lat. 10°29'27'' S; long 37°11'34'' W, at 200 m above sea level, with annual average rainfall of 1046 mm). Young leaves of 21 genotypes were collected (Table 1 ) and used as the study material in the experimental field mentioned above. The leaves were identified, packed in Styrofoam plastic bags with ice, and stored at -80°C at the Molecular Biology Laboratory of Embrapa Coastal Tablelands. DNA extraction followed the 2% Cetyltrimethyl ammonium bromide (CTAB) protocol (Doyle and Doyle, 1990) . Twelve ISSR primers were used (University of British Columbia, Vancouver, Canada) to detect polymorphism at a concentration of 20 ng/mL. Primers were selected at random. PCR amplifications were carried out in a thermocycler (Veriti, Applied Biosystems). Samples were initially subjected to denaturation at 95°C for 5 min, followed by 45 amplification cycles. During each cycle, samples were subjected to denaturation at 94°C for 1 min, annealing at different temperatures for 45 s, and extension at 72°C for 2 min.
Each ISSR reaction was carried out in a final volume of 20 mL containing 2 mL 20 ng/ mL DNA; 0.2 mL Taq DNA polymerase (Invitrogen); 0.6 mL MgCl 2 ; 0.4 mL dNTP; 2 mL primer (oligonucleotides); 2mL buffer; and 12.8 mL ultrapure water.
Fragments were visualized on 2% agarose gel [1X TBE; Tris 89 mM; boric acid 89 mM; EDTA 2.5 mM; pH 8.3] in a horizontal electrophoresis system run at a constant voltage of 100 W for 90 min at 200 V and 200 mA. The banding pattern was measured using a 1 kb molecular marker (Promega, Madison, South Dakota, EUA). Gels were stained with ethidium bromide solution (0.02 mL/mL water), for approximately 60 min, and then visualized under UV light, using the Loccus L-pix HE photodocumentation device (Loccus Biotecnologia, Brazil).
Gel analysis resulted in a binary matrix according to the presence (1) or absence (0) of fluorescent bands. From the number of amplified bands, the percentage of polymorphic loci was calculated. Genetic similarity (Sij) between each pair of individuals was calculated out using the Jaccard coefficient.
From the similarity matrix, a dendrogram was generated by the unweighted pairgroup method with arithmetic mean (UPGMA). Bootstrapping was carried out with 10,000 replicates using the FreeTree software (Pavlícek et al., 1999) . TreeView software was also used to generate the dendrogram (Pavlícek et al., 1999) . Samples were clustered considering the principal coordinates analysis (PCoA), with the aid of the Genalex v.p software (Peakall and Smouse, 2006) . The Shannon index (I) (Brown and Weir, 1983 ) and the expected heterozygosity (H E ) (Lynch and Milligan, 1994) were also estimated using the Genalex 6.3 software (Peakall and Smouse, 2006) .
RESULTS AND DISCUSSION
The 12 primers generated 71 fragments, of which 68 were polymorphic (97.5%). In each ISSR reaction, the total number of amplified fragments ranged from three (UBC-810 and UBC-864) to eight (UBC-817 and UBC-826), with a mean number of six bands per primer (Table 2 and Figure 1) . Lower levels of polymorphism (33 and 34%) were found in banana Prata-Anã genotypes by Lopes et al. (2014) and Rodrigues et al. (2012) , respectively, using RAPD molecular markers. In a study on Musa ssp cultivars, Ying et al. (2011) identified a high percentage of polymorphism (85.1%) using ISSR markers. The number of polymorphic loci is used to evaluate the efficiency of primers at estimating the genetic diversity among individuals of a population (Luz et al., 2015) . When compared with other molecular markers, ISSRs may be more effective, revealing a high degree of polymorphism. In the present study, the efficiency of the tested primers at determining the genetic variability among banana accessions was confirmed.
The Shannon index (I) ranged from 0.34 to 0.69, with a mean of 0.49. Expected heterozygosity (H E ) ranged from 0.18 to 0.49, with mean of 0.33 (Table 2 ). These indices revealed intermediate levels of genetic diversity. However, for some primers, such as 807, 810, and 848, the values of I and He could be considered high, showing high variability. This may be due to the occurrence of somaclonal variations in banana plants. At a higher level, when compared with other cultures, these changes probably occur due to mitotic instability (Silva et al., 2002) , resulting in high genetic variability. Similar results were found by Padmesh et al. (2012) in wild populations of Musa acuminata Colla, in which values of I between 0.57 and 0.61 were observed, providing high genetic variability.
The polymorphism identified by the markers was used to construct a genetic distance matrix. Based on the Jaccard coefficient, two main clusters were identified in the UPGMA analysis (Figure 2 ). Most genotypes were allocated in a main cluster with several subclusters. The genotypes Pacovã, Prata-Anã, Enxerto, FHIA-18, PA94-01, Japira, Tropical YB42-47, Bucaneiro, and Grand Naine presented higher similarities, and thus, were allocated to the same subcluster. The tetraploid genotype FHIA-23 (Gros Michel) was more isolated from the other genotypes, despite being present in the main cluster. The second main cluster, which was composed of the genotypes 'Garantida' (tetraploid) and 'Thap Maeo' (triploid), both from the cluster Prata, were allocated with high similarity, and were more isolated from the other genotypes.
It was not possible to obtain perfect separation between the genotypes of each cluster, and there was high genetic similarity among genotypes of different clusters. This can be explained by the existence of many common alleles to these genotypes. Thus, individuals in the same subcluster present a high level of genetic similarity, and share a common origin (Creste et al., 2003) .
These distances may be further explained by the presence of somaclonal variations in banana genotypes, providing high genetic diversity (Librelon et al., 2013) . The study of genetic variability is of great importance when the objective is to improve a species. The identification, conservation, and collection of genotypes belonging to Musa spp. deserve special attention in order to reduce genetic erosion and to extend the use of genotypes in further breeding programs (Venkatachalam et al., 2008) .
Genetic distances were also evaluated by PCoA (Figure 3 ). Four clusters were identified among the different genotypes studied, and the sum of the first two principal components was 48.91%. These results reinforce the efficiency of ISSR markers in detecting genetic diversity among banana genotypes. Similar to the UPGMA clustering, the genotypes Thap Maeo (AAB) and Garantida (AAAB), both of the subcluster 'Prata', were the most divergent and remained isolated from the other clusters. In the Musa genus, subdivision into subclusters may be associated to small mutations within a clone (Dantas et al., 1997) . Moreover, the variability within each subcluster is mainly dependent on the genotype, and on the intensity with which each clone is multiplied (Jenny et al., 1999) .
Individuals in isolated clusters can be has greater divergence (Vieira et al., 2008) , and can be further used in crosses to promote breeding. The use of more than one clustering method, due to differences in hierarchies, ordering, and optimization of clusters enables classifications based on the criteria of each technique, and prevents erroneous interference in the allocation of materials within a genotype subcluster (Arriel et al., 2006) .
Based on ISSR markers, the similarity matrix obtained from 21 genotypes resulted in 762 values for the similarity index, of which 12 are highlighted as having major and minor similarity ( Table 3 ). The pairs formed between the genotype of the subcluster 'Prata' (Enxerto -AAB x Japira -AAAB) and (PA42-44 x Garantida, both of the cluster AAAB), established the largest (0.894) and shortest (0.306) distances, respectively. Crosses influenced the levels of genetic variability by reducing the distance and by increasing the divergence among some genotypes. Resmi et al. (2011) concluded that there was higher divergence in diploids of the cluster AA than in diploids of the cluster AB. The high diversity observed in diploid genotypes is attributed to their hybrid origin. However, the pattern of genetic variation in plants is complex and can be influenced by several factors, such as production system, development, seed dispersal mechanism, geographical distribution, and taxonomic status (Hamrick and Godt 1989) .
The development of ISSR molecular markers in agronomically important cultures provides information on genetic diversity, which is of great value when these genetic resources are used in breeding and germplasm conservation programs. Plants with lower levels of genetic similarity, as determined by molecular markers, could be used as the parent material in breeding programs for the production of hybrids (Sousa et al., 2015) .
Banana breeding can be difficult and laborious, and for a long time, it was considered impractical mainly because of factors such as vegetative propagation, the occurrence of triploidy, low fertility of clones, and time required to produce an improved cultivar, preventing fast progress in breeding (Vuylsteke, 2001) .
The ISSR markers used in the present study were efficient at analyzing the genetic diversity of genotypes derived from the breeding program in the state of Sergipe.
